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SUMMARY 

. 
I 

J 

NASA Langley Research Center  personnel  have conducted an  e v a l u a t i o n  of t h e  
h e l i c o p t e r  a u r a l  d e t e c t i o n  program "I Can Hear It Now" ( I C H I N  vers ion-5) .  This  
w a s  accomplished us ing  f l i g h t  n o i s e  d a t a  of f i v e  h e l i c o p t e r s ,  ob ta ined  from a 
j o i n t  NASA and U . S .  Army a c o u s t i c s  measurement program. The e v a l u a t i o n  con- 
s i s t e d  of p r e s e n t i n g  t h e  n o i s e  d a t a  t o  a j u r y  of 20  s u b j e c t s  and t o  t h e  ICHIN-5 
program. A comparat ive s tudy  was then made of t he  d e t e c t i o n  d i s t a n c e s  d e t e r -  
mined by t h e  j u r y  and p r e d i c t e d  by ICHIN-5. This r e p o r t  p r e s e n t s  t h e  changes 
made i n  t h e  ICHIN-5 program as a r e s u l t  of t h i s  comparat ive s tudy .  The changes 
r e p r e s e n t  c u r r e n t  psychoacous t ics  and propagat ion  knowledge. 

INTRODUCTION 

NASA Langley pe r sonne l ,  i n  a j o i n t  e f f o r t  wi th  U.S. Army pe r sonne l ,  
o b t a i n e d  an e x t e n s i v e  f l i g h t  a c o u s t i c s  d a t a  base f o r  f i v e  Army h e l i c o p t e r s .  A s  
p a r t  of t h i s  e f f o r t  Langley personnel  conducted a s t u d y  t o  e v a l u a t e  t h e  c u r r e n t  
v e r s i o n  of t h e  h e l i c o p t e r  a c o u s t i c s  d e t e c t i o n  program "I Can Hear It Now", 
( I C H I N ) ,  o r i g i n a l l y  der ived  by Abrahamson ( r e f .  1).  The purpose of t h e  evalua-  
t i o n  was t o  u s e  t h e  c u r r e n t  a c o u s t i c s  d a t a  base  and r e s e a r c h  t o  de te rmine  i f  
I C H I N  could be improved. The purpose of t h i s  r e p o r t  is t o  p re sen t  a b r i e f  
d i s c u s s i o n  of t h e  u n c l a s s i f i e d  r e s u l t s  of t h e  s t u d y ,  and of t h e  changes made i n  
t h e  I C H I N  program. 

The TCHIN program was t h e  r e s u l t  of a b a s i c  experiment t o  measure he l icop-  
ter a u r a l  d e t e c t a b i l i t y  ( r e f .  1). This  experiment ,  conducted by Abrahamson, 
c o n s i s t e d  of t h r e e  h e l i c o p t e r s  flown a t  cons t an t  a l t i t u d e s  and speeds.  A group 
of 25 s u b j e c t s  w a s  s e a t e d  a long  t h e  f l i g h t  pa th  of t h e  a i r c ra f t  and l i s t e n e d  t o  
de te rmine  when they could d e t e c t  i t s  a c o u s t i c  s i g n a l s .  The s tudy  concluded t h a t  
i t  was poss ib l e  t o  p r e d i c t  t h e  range a t  which a h e l i c o p t e r  may be a u r a l l y  
d e t e c t e d .  Based on t h e s e  r e s u l t s  and a set of measured a c o u s t i c s  and weather 
d a t a ,  t h e  I C H I N  a u r a l  d e t e c t i o n  program was s t r u c t u r e d  t o  require measured h e l i -  
c o p t e r  and ambient no i se  spectra,  weather d a t a ,  and ambient no i se  and weather 
c o n d i t i o n s  under which i t  was d e s i r e d  t o  de te rmine  i f  t h e  h e l i c o p t e r  could  be 
d e t e c t e d .  ICHLN-predicted resul ts  a r e  then provided i n  an ou tpu t  l i s t i n g  of 
one - th i rd  oc t ave  band f r e q u e n c i e s ,  d e t e c t e d  ranges  of t h e  a i r c r a f t ,  and t h e  
p r o b a b i l i t y  of d e t e c t i o n  a t  those  ranges.  

OZSCUSSLON 

The e v a l u a t i o n  of t h e  most c u r r e n t  v e r s i o n  of I C H I N  (vers ion-5)  c o n s i s t e d  
of two par ts .  F i r s t ,  psychoacoust ics  r e sea rch  was conducted i n  an anechoic  
l a b o r a t o r y  with a j u r y  of 20 s u b j e c t s  l i s t e n i n g  t o  some of t h e  measured he l icop-  
t e r  f l i g h t  n o i s e s  obta ined  from the  c u r r e n t  d a t a  base .  Secondly,  a f t e r  t h e s e  
tests,  p r e d i c t e d  d e t e c t i o n  d i s t a n c e s  were determined by us ing  t h e  measured 
f l i g h t  n o i s e  d a t a  as inpu t  t o  t h e  ICHIN-5 program . The r e s u l t s  from these  two 
pa r t s  were then  compared and t h e  I C H I N  program was s e p a r a t e d  i n t o  fou r  b a s i c  
modules. Each module w a s  then s tud ied  t o  de te rmine  i f  any improvements could be 
made. 



I C H I N  Modules: For t h e  purposes  of t h i s  r e s e a r c h ,  t h e  I C H I N  program was 
s e p a r a t e d  i n t o  four  modules. These modules were named t h e  i n p u t ,  a u r a l  d e t e c t -  
a b i l i t y ,  propagat ion,  and o u t p u t  modules. The i n p u t  module a c c e p t s  weather and 
h e l i c o p t e r  o p e r a t i o n s  d a t a ,  ambient a c o u s t i c  n o i s e  and t h e  measured one-third 
o c t a v e  band o r  d i s c r e t e  power s p e c t r a l  d e n s i t y  n o i s e  of t h e  h e l i c o p t e r .  I C H I N  
r e q u i r e s  t h e  input  s p e c t r a  t o  be converted i n t o  a working master d a t a  format by 
a s u b r o u t i n e  named STRETCH. T h i s  s u b r o u t i n e  changes e i t h e r  one-third o c t a v e  
band o r  d i s c r e t e  power spectral d e n s i t y  i n p u t  s p e c t r a ,  i n t o  a c o n s t a n t  bandwidth 
spectrum as s p e c i f i e d  by t h e  r e s e a r c h e r .  The a u r a l  d e t e c t a b i l i t y  module then  
a c c e p t s  t h e  s p e c t r a  which have been passed through STKETCH and c o n v e r t s  them 
i n t o  c r i t i c a l - b a n d  s p e c t r a .  These c r i t i c a l - b a n d  s p e c t r a  are ope ra t ed  on by 
r o u t i n e s  w i t h i n  the  p ropaga t ion  module t o  produce "propagated spec t r a . "  They 
are t h e n  compared t o  t h e  d e t e c t a b i l i t y  c r i t e r i a  i n  t h e  a u r a l  d e t e c t a b i l i t y  mod- 
u l e .  Once a complete d e t e c t a b i l i t y  a n a l y s i s  has  been performed on t h e s e  "propa- 
g a t e d  spectra", the  d e t e c t a b i l i t y  r e s u l t s  are t h e n  l i s t e d  by t h e  o u t p u t  module. 
This  module l i s t s  the ranges a t  which I C H I N  p r e d i c t s  t h e  i n p u t  s p e c t r a  would be 
d e t e c t e d .  Also t he  o u t p u t  module, i f  s p e c i f i e d ,  w i l l  l i s t  t h e  i n t e r m e d i a t e  
computat ions used i n  t h e  d e t e c t a b i l i t y  a n a l y s i s .  

Good agreement between measured and p r e d i c t e d  d e t e c t i o n  ranges is ob ta ined  
i f  t h e  a c o u s t i c  i npu t  d a t a  are d e r i v e d  from measurements of a i r c r a f t  n o i s e  a t  a 
d i s t a n c e  which approximates t h e  s u b j e c t  d e t e c t i o n  ranges.  It w a s  observed t h a t  
i f  s p e c t r a  measured a t  r anges  on t h e  o r d e r  of a few thousand feet were submi t t ed  
t o  t h e  ICHIN-5 program, t h e  p r e d i c t e d  ranges of d e t e c t i o n  were less than those  
determined by t h e  s u b j e c t s .  Based on t h e s e  r e s u l t s ,  each  of t h e  e l emen t s  i n  t h e  
f o u r  modules was e v a l u a t e d  t o  determine i f  any improvements could be made. 

MODULE CHANGES 

Inpu t  Module: Seve ra l  changes were made t o  t h e  i n p u t  module t o  f a c i l i t a t e  
working wi th  ICHIN. It has  been modified ( a )  t o  accept narrow-band SPL spec t r a ,  
( b )  t o  compute sound speed as a f u n c t i o n  of measured t e m p e r a t u r e ,  ( c )  t o  compute 
h e l i c o p t e r  Mach number as a f u n c t i o n  of t empera tu re ,  ( d )  t o  accept d i r e c t  i npu t  
of re la t ive  humidi ty ,  and ( e )  t o  compute a b s o l u t e  humidi ty .  It was observed 
d u r i n g  t h e  s t u d y  of t h e  inpu t  and a u r a l  d e t e c t a b i l i t y  modules t h a t  t h e  subrou- 
t i n e  STKETCH con ta ined  s e v e r a l  s i g n i f i c a n t  programing e r r o r s .  These e r r o r s  were 
c o r r e c t e d .  

Aura l  D e t e c t a b i l i t y  Module: Masking n o i s e  expe r imen t s  in t h e  p a s t  10 years 
have l e d  t o  an  improved unde r s t and ing  9 f  t h e  human a u d i t o r y  s y s t e m .  The a u r a l  
d e t e c t a b i l i t y  module w i t h i n  version-5 i n c l u d e s  r e s e a r c h  by F i d e l l ,  e t  a l . ,  
( r e f .  2 ) ,  who suggested t h e r e  was an a p p a r e n t  i n c r e a s e  i n  t h e  a u d i t o r y  f i l t e r  
bandwidth a t  low f r e q u e n c i e s  r e l a t i v e  t o  those  implemented i n  t h e  o r i g i n a l  
v e r s i o n  of I C H I N  ( r e f .  1 ) .  Recent masking expe r imen t s ,  ( r e f s .  3-6) us ing  wide- 
band n o i s e  wi th  a notch i n  t h e  spectrum i n d i c a t e  t h a t  i n s t e a d  of an i n c r e a s e  i n  
bandwtdth,  t h e r e  t s  a d e c r e a s e  i n  t h e  o b s e r v e r ' s  d e t e c t i o n  e f f i c i e n c y .  Th i s  
p e r m i t s  a r e e v a l u a t i o n  of t h e  c u r r e n t ,  and t h e  o r i g i n a l  a u d i t o r y  f i l t e r  band- 
width e x p r e s s i o n s  of Greenwood ( r e f .  7) used in t h e  o r i g i n a l  [CHIN ( re f .  1 ) .  A s  
a consequence of t h e  r e s e a r c h  p resen ted  i n  r e f e r e n c e s  3-7, t h e  d e t e c t i o n  
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e f f i c i e n c y  now may be thought  of as a f u n c t i o n  of f requency  r a t h e r  t h a n  as a 
c o n s t a n t  as expressed  i n  t h e  I C H I N  (vers ion-5)  model eva lua ted  by t h e  Langley 
s t a f f .  The r e s u l t  of t h e  r e e v a l u a t i o n  w a s  t h a t  a g r e a t e r  s igna l - to -no i se  r a t i o  
i s  r e q u i r e d  f o r  d e t e c t i o n  a t  t h e  low f r e q u e n c i e s  than  p rev ious ly  thought  neces- 
s a r y .  A d d i t i o n a l l y ,  t h e  shape  of t he  a u d i t o r y  f i l t e r ,  as proposed by P a t t e r s o n  
( ref .  4 ) ,  i s  c u r r e n t l y  be l i eved  t o  be more a p p r o p r i a t e  t o  i n c l u d e  i n  I C H I N .  

I n  summary, t h e  fo l lowing  changes have been made i n  the a u r a l  d e t e c t a b i l i t y  
module: ( a )  t h e  e q u i v a l e n t  r e c t a n g u l a r  bandwidths d e s c r i b e d  by Greenwood are 
used;  (b)  t h e  d e t e c t i o n  e f f i c i e n c y  is expressed  as a f u n c t i o n  of f requency;  and 
( c )  t h e  rounded exponen t i a l  shape  desc r ibed  by P a t t e r s o n  ( r e f .  4 )  is  used.  

Propagat ion  Module: The propagat ion  module of I C H I N ,  version-5,  is  i n  t h e  
same form as t h e  o r i g i n a l  v e r s i o n  ( r e f .  1 ) .  This  module c o n s i s t s  of t h r e e  - 

e lements  u s i n g  e x p r e s s i o n s  t o  account f o r  the energy  losses expe r i enced  by the 
a c o u s t i c s  s i g n a l  (assumed t o  be a poin t  sou rce )  as i t  propagates  ove r  long  
r anges .  The l o s s  mechanism elements  cons ide red  are ( 1 )  s p h e r i c a l  s p r e a d i n g  o r  
" i n v e r s e  squa re  law", accounted f o r  by dec reas ing  t h e  s i g n a l  ampl i tude  6 dB f o r  
each  doub l ing  of d i s t a n c e ,  ( 2 )  a tmospher ic  a b s o r p t i o n  losses expressed  by ARP 
866 ( r e f .  8 ) ,  and ( 3 )  "excess  a t t e n u a t i o n "  l o s s e s  expressed  by e m p i r i c a l  rela- 
t i o n s h i p s  d e r i v e d  from measured da ta .  

Each of t h e s e  e lements  w i t h i n  t h e  propagat ion  module was e v a l u a t e d  a t  
f r e q u e n c i e s  below 200 Hz ( t h o s e  which propagate  b e s t  over  long  ranges) .  The 
s p h e r i c a l  s p r e a d i n g  loss expres s ion  was thought  t o  be a c c e p t a b l e  ove r  t h e  propa- 
g a t i o n  d i s t a n c e s  cons idered  i n  ICHZN.  Extens ive  r e s e a r c h  has  shown t h a t  t h e  
a tmospher ic  a b s o r p t i o n  l o s s  as expressed by ARP 866 i s  b e t t e r  r e p r e s e n t e d  by 
e x p r e s s i o n s  con ta ined  i n  t h e  American Na t iona l  S tandard  ANSI S1.26-1978 
( r e f .  9 ) .  A d d i t i o n a l l y ,  t h e  model of a tmospher ic  a b s o r p t i o n  l o s s e s  developed by 
Zuckerwar ( r e f .  10) w a s  eva lua ted .  There were no s i g n i f i c a n t  d i f f e r e n c e s  
between t h e  l o s s e s  computed with the  A N S I  model and t h e  Zuckerwar model. Thus 
t h e  ARP e x p r e s s i o n s  i n  ICHZN-5  were r ep laced  by those  con ta ined  i n  r e f e r e n c e  9 .  
The ANSI e x p r e s s i o n s  show t h a t  less energy  (dB per  thousand feet)  i s  removed 
from t h e  propagated s i g n a l  than  i f  t h e  e x p r e s s i o n s  i n  ARP 866 are used. A t  
ranges  l a r g e r  t han  30,000 fee t ,  t h e  use  of A N S I  i n  l i e u  of ARP 866 w i l l  r e s u l t  
i n  h ighe r  p r e d i c t e d  s i g n a l  ampl i tudes ,  w i th  d i f f e r e n c e s  as l a r g e  as 6-8 dB i n  
t h e  f r e q u e n c i e s  below 200 Hz. A t  d i s t a n c e s  u p  t o  20,000 feet ,  t h e s e  d i f f e r e n c e s  
between ANSI and AKP 866 are no t  as l a r g e ,  be ing  on t h e  o r d e r  of 1 t o  2 dB. 

The "excess  a t t e n u a t i o n "  (EA)  element w i t h i n  I C H I N  ( r e f .  1 )  c o n s i s t s  of a l l  
o t h e r  unexplained i n f l u e n c e s .  These i n c l u d e  ground impedance e f f e c t s ,  r e f r a c -  
t i o n ,  d i f f r a c t i o n ,  background no i se ,  sou rce  changes,  r a d i a t i o n  p a t t e r n  e f f e c t s ,  
and t u r b u l e n c e  i n  t h e  atmosphere.  The EA e x p r e s s i o n s  appear  t o  remove s i g n i f i -  
c a n t l y  more energy from t h e  "propagated" s i g n a l  t han  t h e  measured r e s u l t s  show 
i n  t h e  c u r r e n t  d a t a  base.  The expres s ions  i n  t h e  EA element  were based on one- 
t h i r d  oc t ave  band d a t a  a n a l y s e s  from a s i n g l e  microphone. Reference 1 also 
n o t e s  t h a t  t h e  a c o u s t i c s  r e s u l t s  are based on n o n s t a t i o n a r y  d a t a .  Because of 
t h e  wide range of EA r e s u l t s  and i n  some c a s e s  only  a few d a t a  p o i n t s  i n  t h e  
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I C H I N  b a s i c  experiment,  doub le - l inea r  r e g r e s s i o n  a n a l y s i s  techniques  were used 
t o  o b t a i n  t h e  EA express ions .  This r e s u l t s  i n  c o n t r a d i c t o r y  math e x p r e s s i o n s  
f o r  EA under a "no-wind case" u s i n g  t h e  "up-wind" and "down-wind" expres s ions .  

I n  summary, improvements were made i n  t h e  docuinentation, t h e  i n p u t  module,  
t h e  s u b r o u t i n e  STRETCH, t h e  au ra l  d e t e c t a b i l i t y  module, and the  propagat ion  
module. The changes,  i nco rpora t ed  i n  ICHIN-6, provide  an improved agreement 
between the  p red ic t ed  and s u b j e c t  d e t e c t i o n  d i s t a n c e  r e g a r d l e s s  of t he  d i s t a n c e s  
measured f o r  t h e  input  spectra. 

. 

It w a s  be l i eved  t h a t  t h e  d a t a  base  ob ta ined  i n  t h e  j o i n t  NASAIArmy tests 
would permit  a s i g n i f i c a n t  improvement i n  t h e  EA expres s ions .  The ampl i tudes  of 
t h e  d a t a  eva lua ted  had 90% conf idence  i n t e r v a l  of k ldB, were approximate ly  
s t a t i s t i c a l l y  independent and s t a t i o n a r y .  The d a t a  were reduced f o r  a l l  of t h e  
f l i g h t  c o n d i t i o n s  and i n t e n s i v e l y  s t u d i e d .  I n  g e n e r a l ,  i t  w a s  observed t h a t  t h e  
d a t a  showed g r e a t l y  reduced va lues  of "excess  a t t e n u a t i o n "  as compared t o  those  
i n  ICHIN-5.  However, t h e  EA v a l u e s  ob ta ined  from t h e  c u r r e n t  d a t a  base a l s o  
e x h i b i t e d  s i g n i f i c a n t  d a t a  scatter.  This  r e s u l t e d  i n  producing EA e x p r e s s i o n s  
which were i n c o n s i s t e n t  from one d a t a  set t o  ano the r .  Because of t h i s ,  i t  w a s  
dec ided  t o  not  suggest  a replacement  EA element f o r  t h a t  i n  ICHIN-5.  

CONCLUSIONS 

The h e l i c o p t e r  a u r a l  d e t e c t i o n  program "I Can Hear It Now" ( I C H I N ,  
vers ion-5)  has  been eva lua ted  us ing  t h e  resul ts  of c u r r e n t  l a b o r a t o r y  and f i e l d  
exper imenta l  r e sea rch .  Based on t h i s  e v a l u a t i o n ,  t h e  most c u r r e n t  v e r s i o n ,  
ICHIN-5, w a s  s epa ra t ed  i n t o  f o u r  modules f o r  s tudy .  It was concluded t h a t  each 
module, except  f o r  t he  ou tpu t  module, r e q u i r e d  changes t o  r e f l e c t  t h e  s t a t u s  of 
c u r r e n t  r e sea rch .  Changes made i n  t h e  vers ion-5 program were: 

1 .  A mod i f i ca t ion  of t h e  inpu t  module t o  accept narrow-band sound p r e s s u r e  
l e v e l  spectra,  t o  compute sound speed as a f u n c t i o n  of measured tempera ture ,  t o  
compute h e l i c o p t e r  Mach number as a f u n c t i o n  of tempera ture ,  t o  accept  d i r e c t  
i n p u t  of r e l a t i v e  humidity,  and t o  compute a b s o l u t e  humidi ty .  

2 .  The c o r r e c t i o n  of several s i g n i f i c a n t  programing e r r o r s  i n  t h e  subrou- 
t i n e  STKETCH, which is p re l imina ry  t o  t h e  a u r a l  d e t e c t a b i l i t y  and propagat ion  
modules. 

3.  A mod i f i ca t ion  of t h e  a u r a l  d e t e c t a b i l i t y  module t o  inc lude  t h e  o r i g i -  
n a l  a u d i t o r y  f i l t e r  bandwidth expres s ions  of Greenwood ( r e f .  7 ) ,  t h e  expres s ion  
of t h e  d e t e c t i o n  e f f i c i e n c y  a s  a f u n c t i o n  of f requency ,  and t h e  use  of t h e  
rounded exponen t i a l  a u d i t o r y  f i l t e r  shape of P a t t e r s o n  ( r e f .  4 ) .  

4 .  A mod i f i ca t ion  of t h e  propagat ion  module t o  implement  t h e  American 
Nat iona l  Standard f o r  a tmospher ic  a b s o r p t i o n  of sound, ANSI S1.26-1978 ( r e f .  9). I 
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